To assess the functional conservation of a baculovirus CNE. Methods. CNE deletion from the baculovirus genome and its replacement with a heterologous CNE was performed by using the bacmid-based technology. Transfection-infection assays were used to investigate cell-to-cell spread of the recombinant virus. Results. The recombinant Autographa californica multiple nucleopolyhedrovirus genome carrying the Malacosoma neustria nuclepolyhedrovirus CNE in place of the innate CNE was constructed. The recombinant virus was able to transmit the infection in a cell culture. Conclusions. The CNE essential function was foundto be conserved between the representatives of I and II groups of the genus Alphabaculovirus.
Introduction
Baculoviridae is the name of a family of enveloped, double-stranded DNA viruses infecting invertebrates. The family is specific in that its representatives form the inclusion bodies in infected cells. The shape of inclusion bodies (polyhedra or granules) formed by different viruses determines a predetermined baculovirus division onto nucleopolyhedroviruses (NPV) and granuloviruses (GV) respectively [1] . The family members are widely studied for various applications: besides the traditional recognition of baculoviruses as safe insecticides, the genetically modified representatives of the family are considered to be efficient expression vectors, vaccine producers and prospective gene therapy vectors [2] . Large and complex circular baculovirus genomes comprise up to 180 genes as well as non-coding functional elements, from which the transcriptional regulators and origins of replication of different kinds have been well studied [3] . The phylogenetic relationships established among the family representatives have revealed the synchronous development of virus and host lineages over large evolutionary timespans [4] . This tendency is reflected in the modern baculovirus taxonomy according to which the family is divided into four genera, Alpha-, Beta-, Gama-and Delta baculo virus comprising lepidopteran NPV, lepidopteran GV, hymenopteran NPV and dipteran NPV respectively [5] . A phylogenetic analysis also illustrates subdivision of the genus Alphabaculovirus onto group I and group II [6] . The representatives of two groups differ in an envelope protein that provides the fusion of a virus envelope with host membrane: gp64 serves as an identifier of group I, whereas F protein appears to be a marker of group II [7] . To date, more than 70 baculovirus genome sequences have been determined. A homology search approach applied for the analysis of the content of diverse baculovirus genomes has allowed the interpretation of each genome element as that mediating ISSN 1993-6842 (on- ubiquitous, lineage-specific, or specie-specific function. Recent ly, by using this approach a conserved non protein-coding element (CNE) 154-156 bp in length has been identified in all alphabaculovirus genomes sequenced to date [8] . This alphabaculovirus-specific element was shown to be indispensable for the life cycle of Autographa californica multiple nucleopolyhedrovirus (AcMNPV), the prototype of Alphabaculovirus genus. The CNE essential function was shown not to be related either to CNE coding capacity (CNE overlaps short ORF and several non protein-coding RNA genes in AcMNPV genome), or to its activity as a transcriptional activator of the adjacent gene ie2. CNE is characterized by an extreme level of nucleotide conservation. This makes it different from other baculovirus non-coding elements because the latter evolve much faster during virus evolution. The CNE essential function has not yet been defined as well as the nature of CNE extreme conservation remains unknown. As noted above, CNE appears to be polyfunctional element and its conservation within the genus Alphabaculo virus points to the fact that at least some of CNE function(s) should be common for the genus members. Accordingly, the below-described experiment was designed to test whether as yet unknown essential function is shared by representatives of the genus. The replacing of the AcMNPV CNE with its Malacosoma neustria nuclear polyhedrosis virus (ManeNPV) equivalent revealed functional conservation of this element despite the relatively high evolutionary distances between two viruses (AcMNPV and ManeNPV belong to alphabaculovirus groupI and groupII respectively [9] ). These results provide the support for the suggestion that the CNE essential function specifies the genus Alphabaculovirus.
Structure and Function of Biopolymers

Materials and Methods
Bacmids, viruses, cell lines
Recombinant AcMNPV genomes, derivatives of the original bacmid bMON14272 [10] were maintained in E. coli cells DH10B.
The Sf9 cell line originated from the AcMNPV natural host, fall armyworm, Spodoptera frugiperda was used in the transfection-infection experiments. The MCA cell line derived from the Chinese tasar moth Antheraea pernyi was used for the propagation of ManeMNPV. Cells were cultured in TC100 medium (Sigma Aldrich) supplemented with 10 % fetal bovine serum, penicillin (100 U/ml), streptomycin (100 μg/ml) and amphotericin (2.5 µg/ml) at 27 °C.
Purification of virus DNA, amplification of CNE-containing fragment
ManeNPV DNA was purified from the infected cells using a standard phenol-chlorophorm extraction procedure as described [11] . The amplification of the ManeNPV CNE from the ManeNPV DNA template was carried out with the primers derived from the regions surrounding the CNE in ManeNPV genome: MnD 5'-CGGAATTCAGGAATAGATAACGAAC-3' and MnR 5'-GCGGATCCCAAAATGCGTCATGG AA-3'.
Recombinant virus construction
CNE knock out bacmid vAc CNE-Ko obtained earlier [8] was used for the construction of the CNE repaired bacmid, where the genuine AcMNPV CNE was replaced by the CNE of ManeNPV. The insertion of ManeNPV CNE in the particular position of vAc CNE-Ko was performed by using commercially available Bac-to-Bac system (Invitrogen) according to the manufacturer instruction. Briefly, the amplified ManeNPV CNE-containing fragment was cloned into BstI site of pFastBac-Dual-EGFP, the recombinant plasmid represented by pFastBac-Dual with green fluorescent protein gene inserted under the control of polyhedrin promoter. The EGFP-CNEcontaining cassette was transposed into vAc CNE-Ko propagated in DH10B through the cell transformation with resulting transfer vector pFastBac-Dual-CNE-EGFP followed by homologous recombination. The resulting recombinant bacmid vAc CNE-KoRepMane-EGFP as well as bacmids used as controls were purified as described by Bac-to-Bac manufacturer.
Transfection, infection procedures
DOTAP transfection reagent (Sigma-Aldrich) was used to introduce bacmid DNA into Sf9 cells. 3 µl DOTAP and 1 µg bacmid DNA were mixed with 100 µl and 150 µl of HBS buffer respectively, after that two suspensions were combined. After the incubation for 30 min 350 µl of TC100 medium without antibiotics were added to the DNA-DOTAP complex and the resulting mixture was layered onto the cell monolayer (1x10 6 cells per 30 mm dish).
After 96 hours the post transfection (hpt) supernanants were harvested. 100 µl aliquots were used for the infection of fresh monolayers on 30 mm di shes.
The efficiency of transfection/infection was monitored by the fluorescent microscopy.
Results
Replacement of the original AcMNPV CNE by the heterologous CNE
Replacement of the genome element by its homolog originated from a heterologous genome followed by functional studies is a widely used method to test the functional conservation/diversification of these elements in the course of evolution. AcMNPV and ManeNPV which appear to be the representatives of Alphabaculovirus groupI and groupII respectively were chosen as a subject of investigation aimed to test the functional conservation of CNE between two lineages of the genus. It is notable that AcMNPV efficiently disseminates the infection from cell to cell in the SF9 cell culture. In contrast, ManeNPV was shown not to be able to infect the Sf9 cells,that was an important factor enabling the design of functional complementation experiment.
The CNE knock out bacmid vAc CNE-Ko-EGFP as well as vAc CNE-Ko-Rep-EGFP , the CNE repair bacmid which contains its own CNE in heterologous location (9 kb away from the original position) were obtained earlier [8] . It was shown that while vAc CNE-Ko-EGFP is not able to spread the infection from cell to cell, the CNE repaired virus efficiently does it, so these bacmids were used as controls in the experiment described below. The CNE deletion mutant vAc CNE-Ko was used for the construction of the second CNE repaired bacmid which represents the analog of vAc C-NE-Ko-Rep-EGF P , where the genuine AcMNPV CNE was Recombinant genomes vAc CNE-Ko and vAc CNE-Ko-REP-EGFP were derived earlier [8] . Bacmid vAc CNE-KO was used for generation of the CNE-repaired mutant vAc CNE-KO-REPMane-EGFP carrying heterologous CNE originated from ManeNPV genome. vAc CNE-KO-REPMane-EGFP was a result of the insertion of gentamicin-resistance gene (Gm)-EGFP gene -ManeNPV CNE cassette into the polyhedrin (polh) locus of vAc CNE-KO via transposon-mediated recombination using Bac-to-Bac system (Invitrogen Life Technologies). Tn7L and Tn7R indicate the left and right transposon arms, respectively. Arrows labeled Pp10 and Ppolh, denote the polh and p10 promoters, respectively, and the unlabeled arrows denote native gene promoters. The arrowed white boxes indicate the complete and truncated Orf152, the black arrow above the boxes specifies CNE location within Orf152.
replaced by the CNE of ManeNPV (Fig. 1) . The resulting recombinant vAc CNE-Ko-RepMane-EGFP also contained the EGFP gene which was inserted into the genome to simplify the detection of an infected cell using fluorescent microscopy. All construction manipulations were made using Bac-to-Bac system (see details in Material and Methods). vAc CNE-Ko-RepMane-EGFP together with vAc CNE-Ko-EGFP (negative control) and vAc CNE-Ko-Rep-EGFP (positive control) were used for the subsequent transfection of the Sf9 cells.
Transfection-infection assays
To test the ability of AcMNPV carrying the ManeNPV CNE to be propagated in the Sf9 cells the transfection-infection assays were applied as described earlier [12] . The Sf9 cell monolayers formed by 1x10 6 cells per 30 mm cell culture dish were subjected to transfection by the vAc CNE-Ko-RepMane-EGFP , vAc CNE-Ko-EGFP and vAc CNE-Ko-Rep-EGFP . After 40 hours of incubation all cell monolayers were inspected by the fluorescent microscopy to estimate the transfection efficiency. The transfection efficiency was revealed to be quite comparable for each of transfected monolayers: nearly 10 % of cells in each monolayer illuminated with ultraviolet light emitted fluorescence. At 96 hpt the same amount of cells emitting fluorescence was observed in the vAc CNE/Ko-E -transfected sample but not in the samples transfected with either vAc CNE-Ko-RepMane-EGFP or vAc CNE-Ko-Rep-EGFP where amount of cells emitting green light increased 
